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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The polysiloxane bridge formation object characterized by combining the structural unit 
which consists of a polysiloxane which has 3 functionality silicon, and the structural unit which 
consists of a compound which repeats oxyethylene and it has as a unit. 

[Claim 2] The polysiloxane bridge formation object according to claim 1 characterized by being the 
polymer of the composition as which a polysiloxane bridge formation object is expressed in a 
formula (1). 
[Formula 1] 

(x-(OC 2 H 4 )^-0-Y 1 -) n (-Z-) m ((-|HO)_s^ 2 ) p (1) 

R 

(X is the alkyl of carbon numbers 1-6 among a formula, Yl is the alkylene of carbon numbers 2-20, Z 
is a basis which has the alkylene of carbon numbers 2-20 in both ends, R is the alkyl of carbon 
numbers 1-6, 0 or lp of one or more integers and r is the integer of 4-60, and ql, n, and m are n+2 
m=p independently, respectively.) 

[Claim 3] The polysiloxane bridge formation object according to claim 2 characterized by Z being the 
basis expressed with a formula (2). 
[Formula 2] 

Y 2 -( OC 2 H 4 ) q2 -0-Y 3 (2) 

(As for Y2 and Y3, the alkylene of carbon numbers 2-20 and q2 are one or more integers 
independently among a formula, respectively.) 

[Claim 4] The polysiloxane bridge formation object according to claim 3 characterized by q2 being 3- 
15. 

[Claim 5] A polysiloxane bridge formation object given in any 1 term of claims 2-4 characterized by 
adjusting the relation between n and m so that 2m/(n+2m) may be 0.2-0.6. 

[Claim 6] A polysiloxane bridge formation object given in any 1 term of claims 2-5 characterized by r 
being 0. 

[Claim 7] A polysiloxane bridge formation object given in any 1 term of claims 2-5 characterized by r 
being 1. 

[Claim 8] The solid polymer electrolyte which becomes any 1 term of claims 1-7 from the 
polysiloxane bridge formation object and lithium salt of a publication. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is the solid polymer electrolyte which 
can be used for a primary cell, a rechargeable battery, a capacitor, etc., and relates to the high ion 
conductivity and the solid polymer electrolyte with a good mechanical strength which are obtained 
using the polysiloxane bridge formation object acquired by [ of the polysiloxane and polyoxy ethylene 
unit which have 3 functionality silicon ] combining, and this. 
[0002] 

[Description of the Prior Art] The solid polymer electrolyte attracts attention as a material which 
realizes thin-shape-izing of a cell, spill liquidf no ]-izing, and heat-resistant improvement. Which 
stable property is demanded stably and thermally electrochemically, and promising ** of the ether 
system polymer, such as a polyethylene oxide, is conventionally carried out in respect of the motile 
height of the polymer by a glass transition temperature being low, and lithium ion solubility as a 
material with a mechanical strength strong against a solid polymer electrolyte with high ionic 
conductivity with which are satisfied of these properties. Moreover, many methods of graft-izing are 
used for the low polymer of a glass transition temperature as a means for moving ion efficiently. 
[0003] Since the glass transition temperature is low, especially as for the solid polymer electrolyte 
which used the polysiloxane for the principal chain, research by combination with ether system 
polymer is made briskly. Furthermore, since the binding energy is quite larger than a carbon-carbon 
to carbon bond and siloxane combination which makes the frame of a polysiloxane has it, it is useful 
as a material of a solid polymer electrolyte. [ electrochemically stable ] The solid polymer electrolyte 
which becomes JP,4-56002,A from the graft copolymer of a polysiloxane, a polyether glycol, and the 
polyether glycol monomethyl ether is indicated, and the solid polymer electrolyte which consists of a 
copolymer of the organopolysiloxane which has a carboxyl group content hydrocarbon group in JP,7- 
233243,A, and the polyoxyalkylene which has an epoxy group is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if it is which [ using the polysiloxane ] 
case, sufficient ionic conductivity is not obtained arid has not resulted in utilization. And if 
improvement in ionic conductivity is aimed at using this method, the trouble of reducing a 
mechanical strength and membrane formation nature conversely is held, this invention has high ionic 
conductivity also in a non-solvent system, has the further excellent mechanical strength, and aims at 
offering a stable solid polymer electrolyte also electrochemically and thermally. 
[0005] 

[Means for Solving the Problem] This invention persons by using the polysiloxane bridge formation 
object which consists of a polysiloxane which has 3 functionality silicon, and a compound which has 
a polyoxyethylene unit as a result of repeating research paying attention to a siloxane A mechanical 
property improves sharply, maintaining the stability of siloxane combination, and moreover the ionic 
conductivity in a non-solvent system It found out that the graft copolymer of the polysiloxane of a 
straight chain and the organic macromolecule which has a polyoxyethylene unit, and the solid 
polymer electrolyte which is more than equivalent were obtained, and this invention was attained. 
That is, this invention has the following composition. 

[0006] (1) The polysiloxane bridge formation object characterized by combining the structural unit 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/2003 
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which consists of a polysiloxane which has 3 functionality silicon, and the structural unit which 
consists of a compound which repeats oxyethylene and it has as a unit. 

(2) A polysiloxane bridge formation object given in the aforementioned (1) term characterized by 
being the polymer of the composition as which a polysiloxane bridge formation object is expressed in 
a formula (1). 

[Formula 3] 

(x-(OC 2 H 4 )^ |r O-Y 1 -) n (-Z-) m ((-Si-0) r -S^) p (1) 

R 

(X is the alkyl of carbon numbers 1-6 among a formula, Yl is the alkylene of carbon numbers 2-20, Z 
is a basis which has the alkylene of carbon numbers 2-20 in both ends, R is the alkyl of carbon 
numbers 1-6, 0 or lp of one or more integers and r is the integer of 4-60, and ql, n, and m are n+2 
m=p independently, respectively.) 

(3) A polysiloxane bridge formation object given in the aforementioned (2) term characterized by Z 
being the basis expressed with a formula (2). 

[Formula 4] 

Y 2 -( OC 2 H 4 ) q2 -0-Y 3 (2) 

(As for Y2 and Y3, the alkylene of carbon numbers 2-20 and q2 are one or more integers 
independently among a formula, respectively.) 

(4) A polysiloxane bridge formation object given in the aforementioned (3) term characterized by q2 
being 3-15. 

(5) A polysiloxane bridge formation object given in any 1 term of the aforementioned (2) - (4) term 
characterized by adjusting the relation between n and m so that 2m/(n+2m) may be 0.2-0.6. 

(6) A polysiloxane bridge formation object given in any 1 term of the aforementioned (2) - (5) term 
characterized by r being 0. 

(7) A polysiloxane bridge formation object given in any 1 term of the aforementioned (2) - (5) term 
characterized by r being 1 . 

(8) The solid polymer electrolyte which becomes any 1 term of the aforementioned (1) - (7) term 
from the polysiloxane bridge formation object and lithium salt of a publication. 

[0007] 

[Embodiments of the Invention] The polysiloxane bridge formation object in this invention is a 
polysiloxane bridge formation object which makes it come to join together the polysiloxane which 
has 3 functionality silicon, and the compound which repeats oxyethylene and it has as a unit. The 
polysiloxane which has 3 functionality silicon and has an Si-H basis at the end as a synthesis method 
of this polysiloxane bridge formation object, for example, the compound which has a double bond in 
both ends, and the compound which has a double bond at the piece end and contains a 
polyoxyethylene unit in it are mixed in the solvent which can dissolve these compounds, and there is 
the method of supplying a catalyst to this and carrying out a polyaddition by the hydrosilylation 
reaction. 

[0008] The product marketed may be used for the polysiloxane which has 3 functionality silicon and 
has an Si-H basis, and it may compound it using what conventionally well-known means. The 
compound which there is silsesquioxane expressed with general formula Si2nH2n03n (the thing of 4 
or 5 is known for n.) as an example known well, and replaced a part or all of an Si-H basis of these 
compounds by 2-H Si-O-SiR (R shows the alkyl group of carbon numbers 1-6.) can be mentioned. 
[0009] Next, the compound which has a double bond in both ends works as a connection machine for 
combining the polysiloxanes which have 3 functionality silicon, and polyethylene-glycol diaryl ether 
and end vinyl poly dimethylsiloxane are mentioned. Moreover, as a compound which has a double 
bond at the piece end and contains a polyoxyethylene unit in it, a triethylene-glycol allyl-compound 
methyl ether, the triethylene-glycol methyl vinyl ether, triethylene-glycol allyl-compound ethyl ether, 
a polyethylene-glycol allyl-compound methyl ether, etc. are mentioned, for example. 
[0010] As an organic solvent used for a hydrosilylation reaction, toluene, a tetrahydrofuran (THF), 
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etc. are mentioned, for example. Moreover, as a hydrosilylation catalyst, a platinum compound, a 
ruthenium compound, and a rhodium compound are mentioned, for example. 
[001 1] The solid polymer electrolyte of this invention blends lithium salt with the above-mentioned 
polysiloxane bridge formation object. Although especially the combination method of lithium salt is 
not limited, lithium salt is uniformly mixed with a polysiloxane bridge formation object in an organic 
solvent, and the method of removing an organic solvent completely under reduced pressure and 
heating is mentioned after that, for example. Although it will not be limited as an organic solvent 
used especially if it is dissolution possible about lithium salt, THF, a dimethylformamide, an acetone, 
etc. are mentioned, for example. 

[0012] As lithium salt, as long as it is usually used for a solid polymer electrolyte, you may be what 
lithium salt. For example, LiF, LiCl, LiBr, Lil, LiC104, LiBF4, LiPF6 and LiAsF6, LiCF3S03, LiN 
(CF3S02)2 and LiN (C2F5S02)2, and LiC(CF3S02)3 grade can be mentioned. What is necessary is 
to choose at least one or more sorts of lithium salt from these, and just to use. 
[0013] 

[Example] Although this invention is further explained to a detail based on an example, this 
invention is not limited to these examples. 

Toluene 15mL [ which dehydrated one or more evenings by molecular-sieve 3 A in the four synthetic 
example 1 Composition 1 of polysiloxane bridge formation object> 100mL(s) mouth flask ], and 
triethylene-glycol allyl-compound methyl-ether 0.803g, polyethylene-glycol diaryl ether 0.748g of 
average molecular weight 300 and 1, 3, 5, 7, 9, 1 1 and 13, and 15-OKUTAKISU (dimethyl siloxy) 
PENTA cyclo [9. 5.1.13, 9.15, 15.17, and 13] OKUTA siloxane l.OOg. It put in and heating stirring 
was carried out at 80 degrees C under the N2 seal for 1 hour. Subsequently, 50 ppm of platinum 
divinyl tetramethyl disiloxane were supplied to Si-H, and heating stirring was continued as it was for 
3 hours. After checking that the peak of Si-H has disappeared by IR, the low-boiling part was * 
removed at 120 degrees C under reduced pressure of 400Pa, and the polysiloxane bridge formation 
object of a brown transparent solid-state was acquired almost quantitatively. The acquired 
polysiloxane bridge formation object is set to PS1 . 

[0014] After mixing uniformly 45.98x10 to 3 g LiCIO in THF to O.lg of PS1 obtained in the example 
1 of example 1 <measurement of creation [ of a solid electrolyte and the cell for measurement ], and 
ionic conductivity> composition so that [lithium ion]/[an oxyethylene unit] may become equivalent 
ratio 0.05, it heated at 100 degrees C under reduced pressure of 400Pa for 3 hours, THF was removed 
completely, and the solid electrolyte was created. This solid electrolyte was fabricated by the stainless 
steel electrode with a heat press at the style, and the cell for measurement was created after cooling 
using this. The impedance was measured for the created cell for measurement using the frequency 
response analyzer (SI[ by the solar TRON company ]- 1287) by the complex impedance measurement 
method (alternating current amplitude voltage IV, the frequency band of 1 Hz - 2MHz of an 
alternating current, temperature of 30 degrees C), and ionic conductivity was computed. The result 
was shown in Table 1 . 

[0015] The polysiloxane bridge formation object was compounded completely like creation of the 
film for elastic-modulus measurement, and the example 1 of example 2 <measurement> composition, 
and some solutions were isolated preparatively after the reaction end on the petri dish made from the 
poly ethylene fluoride with a diameter of 30mm. The low-boiling part was removed decompressing 
this gradually so that air bubbles may not enter. It dried at 130 degrees C under reduced pressure of 
400 morePa, and the film for measurement was created. The examination side with a thickness [ of 
2mm ] x diameter of 5mm was started from the created film, and the elastic modulus in a room 
temperature was measured according to the procedure of following <GAI ED=0001>** - ** using the 
heat mechanical analysis equipment TMA100 made from SEIKO Electronic industry. ** Set the film 
created to TMA100, and where load 98mN is added, measure the initial length of a sample. ** 
Measure a TMA amplitude in the load amplitude of 98mN**19.6mN (frequency of 0.01 Hz). ** 
Substitute end-of-the-probe area (5.3mm2), load amplitude (39.2mN), the initial length of a sample, 
and a TMA amplitude for the definition formula (definition formula 1) of an elastic modulus, and 
compute an elastic modulus. The obtained elastic modulus was shown in Table 2. 
(Elastic modulus) = {(load amplitude )/(end-of-the-probe area)} /{(TMA amplitude )/(the initial 
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length of a sample)} (definition formula 1) 

[0016] Toluene 50mL [ which dehydrated one or more evenings by molecular-sieve 3 A ], and 
triethylene-glycol allyl-compound methyl-ether 16.92g, triethylene-glycol diaryl ether 4.14g, and 
platinum divinyl tetramethyl disiloxane were put into the four example of comparison composition 1 
Composition of polysiloxane graft bridge formation object> 200mL(s) mouth flask so that it might 
be set to 50 ppm to Si-H in poly methyl hydronalium siloxane 5.00g of average molecular weight 
1700, and heating stirring was carried out at 80 degrees C under the N2 seal for 1 hour. Subsequently, 
the solution which diluted the aforementioned poly methyl hydronalium siloxane 5.00g with 
dehydration toluene lOmL was dropped. Heating stirring was then continued for 1 hour, after 
checking that the peak of Si-H has disappeared by IR, the low-boiling part was removed at 130 
degrees C under reduced pressure of 400Pa, and the polysiloxane graft bridge formation object of a 
brown transparent solid-state was acquired almost quantitatively. 

[0017] After mixing 0.01 15g LiC104 uniformly in THF to 0.2g of polysiloxane graft bridge 
formation objects of the example 1 <creation [ of a solid electrolyte and the cell for measurement ], 
and measurement of ionic conductivity> above of comparison so that [lithium ion]/[an oxyethylene 
unit] may become equivalent ratio 0.05, it heated at 100 degrees C under reduced pressure of 400Pa 
for 3 hours, THF was removed completely, and the solid electrolyte was created. This solid 
electrolyte was fabricated by the stainless steel electrode with a heat press at the style, and the cell for 
measurement was created after cooling using this. The impedance was measured for the created cell 
for measurement using the frequency response analyzer (SI[ by the solar TRON company ]- 1287) by 
the complex impedance measurement method (alternating current amplitude voltage IV, the 
frequency band of 1 Hz - 2MHz of an alternating current, temperature of 30 degrees C), and ionic 
conductivity was computed. The result was shown in Table 1 . 

[0018] The polysiloxane graft bridge formation object was compounded completely like creation of 
the film for elastic-modulus measurement, and the example 1 of example of comparison 2 
<measurement> comparison composition, and some solutions were isolated preparatively after the 
reaction end on the petri dish made from the poly ethylene fluoride with a diameter of 30mm. The 
low-boiling part was removed decompressing this gradually so that air bubbles may not enter. It dried 
at 130 degrees C under reduced pressure of 400 morePa, and the film for measurement was created. 
The examination side with a thickness [ of 2mm ] x diameter of 5mm was started from the created 
film, and the elastic modulus in a room temperature was measured in the same procedure as an 
example 2 using the heat mechanical analysis equipment TMA100 made from SEIKO Electronic 
industry. The obtained elastic modulus was shown in Table 2. 
[0019] 

[Table 1] 
<36l> 









^>g^S(S/cm) 


1. 8X10 -5 


1. 8X10 -5 


[Table 2] 

<&2> 










O. 53 


O. 20 



The result shown in above-mentioned Table 1 and 2 shows having the good mechanical strength, 
without the polysiloxane bridge formation object of an example lowering ionic conductivity 
compared with the polysiloxane bridge formation object of the example of comparison. 
[0020] 

[Effect of the Invention] By this invention, also in a non-solvent system, it has high ionic 
conductivity, and had the further excellent mechanical strength, and it became possible to obtain a 
stable solid polymer electrolyte also electrochemically and thermally. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows wor( j which can no t he translated. 
3. In the drawings, any words are not translated. 

TE C HNICAL FIELD 

[The technical field to which invention belongs] this invention is the solid polymer electrolyte which 
can be used for a primary cell, a rechargeable battery, a capacitor, etc., and relates to the high ion 
conductivity and the solid polymer electrolyte with a good mechanical strength which are obtained 
using the polysiloxane bridge formation object acquired by [ of the polysiloxane and polyoxyethylene 
unit which have 3 functionality silicon ] combining > and this. 
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1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] The solid polymer electrolyte attracts attention as a material which 
realizes thin-shape-izing of a cell, spill liquid[ no ]-izing, and heat-resistant improvement. Which 
stable property is demanded stably and thermally electrochemically, and promising ** of the ether 
system polymer, such as a polyethylene oxide, is conventionally carried out in respect of the motile 
height of the polymer by a glass transition temperature being low, and lithium ion solubility as a 
material with a mechanical strength strong against a solid polymer electrolyte with high ionic 
conductivity with which are satisfied of these properties. Moreover, many methods of graft-izing are 
used for the low polymer of a glass transition temperature as a means for moving ion efficiently. 
[0003] Since the glass transition temperature is low, especially as for the solid polymer electrolyte 
which used the polysiloxane for the principal chain, research by combination with ether system 
polymer is made briskly. Furthermore, since the binding energy is quite larger than a carbon-carbon 
to carbon bond and siloxane combination which makes the skeleton of a polysiloxane has it, it is 
useful as a material of a solid polymer electrolyte. [ electrochemically stable ] The solid polymer 
electrolyte which becomes JP,4-56002,A from the graft copolymer of a polysiloxane, a polyether 
glycol, and the polyether glycol monomethyl ether is indicated, and the solid polymer electrolyte 
which consists of a copolymer of the organopolysiloxane which has a carboxyl group content 
hydrocarbon group in JP,7-233243,A, and the polyoxyalkylene which has an epoxy group is 
indicated. 
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EFFECT OF T HE INVENTION 

[Effect of the Invention] By this invention, also in a non-solvent system, it has high ionic 
conductivity, and had the further excellent mechanical strength, and it became possible to obtain a 
stable solid polymer electrolyte also electrochemically and thermally. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, even if it is which [ using the polysiloxane ] 
case, sufficient ionic conductivity is not obtained and has not resulted in utilization. And if 
improvement in ionic conductivity is aimed at using this method, the trouble of reducing a 
mechanical strength and membrane formation nature conversely is held, this invention has high ionic 
conductivity also in a non-solvent system, has the further excellent mechanical strength, and aims at 
offering a stable solid polymer electrolyte also electrochemically and thermally. 
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[Means for Solving the Problem] This invention persons by using the polysiloxane bridge formation 
object which consists of a polysiloxane which has 3 functionality silicon, and a compound which has 
a polyoxyethylene unit as a result of repeating research paying attention to a siloxane A mechanical 
property improves sharply, maintaining the stability of siloxane combination, and moreover the ionic 
conductivity in a non-solvent system It found out that the graft copolymer of the polysiloxane of a 
straight chain and the organic macromolecule which has a polyoxyethylene unit, and the solid 
polymer electrolyte which is more than equivalent were obtained, and this invention was attained. 
That is, this invention has the following composition. 

[0006] (1) The polysiloxane bridge formation object characterized by combining the structural unit 
which consists of a polysiloxane which has 3 functionality silicon, and the structural unit which 
consists of a compound which repeats oxyethylene and it has as a unit. 

(2) A polysiloxane bridge formation object given in the aforementioned (1) term characterized by 
being the polymer of the composition as which a polysiloxane bridge formation object is expressed in 
a formula (1). 
[Formula 3] 



(X is the alkyl of carbon numbers 1-6 among a formula, Yl is the alkylene of carbon numbers 2-20, Z 
is a basis which has the alkylene of carbon numbers 2-20 in both ends, R is the alkyl of carbon 
numbers 1-6, 0 or lp of one or more integers and r is the integer of 4-60, and ql, n, and m are n+2 
m=p independently, respectively.) 

(3) A polysiloxane bridge formation object given in the aforementioned (2) term characterized by Z 
being the basis expressed with a formula (2). 

[Formula 4] 

Y 2 -( OC 2 H 4 ) q2 -0-Y 3 ( 2 ) 

(As for Y2 and Y3, the alkylene of carbon numbers 2-20 and q2 are one or more integers 
independently among a formula, respectively.) 

(4) A polysiloxane bridge formation object given in the aforementioned (3) term characterized by q2 
being 3-1 5. 

(5) A polysiloxane bridge formation object given in any 1 term of the aforementioned (2) - (4) term 
characterized by adjusting the relation between n and m so that 2m/(n+2m) may be 0.2-0.6. 

(6) A polysiloxane bridge formation object given in any 1 term of the aforementioned (2) - (5) term 
characterized by r being 0. 

(7) A polysiloxane bridge formation object given in any 1 term of the aforementioned (2) - (5) term 
characterized by r being 1 . 

(8) The solid polymer electrolyte which becomes any 1 term of the aforementioned (1) - (7) term 
from the polysiloxane bridge formation object and lithium salt of a publication. 

[0007] 

[Embodiments of the Invention] The polysiloxane bridge formation object in this invention is a 
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polysiloxane bridge formation object which makes it come to join together the polysiloxane which 
has 3 functionality silicon, and the compound which repeats oxyethylene and it has as a unit. The 
polysiloxane which has 3 functionality silicon and has an Si-H basis at the end as a synthesis method 
of this polysiloxane bridge formation object* for example, the compound which has a double bond in 
both ends, and the compound which has a double bond at the piece end and contains a 
polyoxyethylene unit in it are mixed in the solvent which can dissolve these compounds, and there is 
the method of supplying a catalyst to this and carrying out a polyaddition by the hydrosilylation 
reaction. 

[0008] The product marketed may be used for the polysiloxane which has 3 functionality silicon and 
has an Si-H basis, and it may compound it using what conventionally well-known means. The 
compound which there is silsesquioxane expressed with general formula Si2nH2n03n (the thing of 4 
or 5 is known for n.) as an example known well* and replaced a part or all of an Si-H basis of these 
compounds by 2-H Si-O-SiR (R shows the alkyl group of carbon numbers 1-6.) can be mentioned. 
[0009] Next* the compound which has a double bond in both ends works as a connection machine for 
combining the polysiloxanes which have 3 functionality silicon* and polyethylene-glycol diaryl ether 
and end vinyl poly dimethylsiloxane are mentioned. Moreover* as a compound which has a double 
bond at the piece end and contains a polyoxyethylene unit in it* a triethylene-glycol allyl-compound 
methyl ether* the triethylene-glycol methyl vinyl ether* triethylene-glycol allyl-compound ethyl ether* 
a polyethylene-glycol allyl-compound methyl ether* etc. are mentioned, for example. 
[0010] As an organic solvent used for a hydrosilylation reaction, toluene, a tetrahydrofuran (THF)* 
etc. are mentioned, for example. Moreover* as a hydrosilylation catalyst* a platinum compound* a 
ruthenium compound* and a rhodium compound are mentioned, for example. 
[0011] The solid polymer electrolyte of this invention blends lithium salt with the above-mentioned 
polysiloxane bridge formation object. Although especially the combination method of lithium salt is 
not limited* lithium salt is uniformly mixed with a polysiloxane bridge formation object in an organic 
solvent* and the method of removing an organic solvent completely under reduced pressure and 
heating is mentioned after that* for example. Although it will not be limited as an organic solvent 
used especially if it is dissolution possible about lithium salt* THF* a dimethylformamide* an acetone* 
etc. are mentioned, for example. 

[0012] As lithium salt* as long as it is usually used for a solid polymer electrolyte* you may be what 
lithium salt. For example* LiF* LiCl* LiBr* Lil* LiC104* LiBF4* LiPF6 and LiAsF6, LiCF3S03* LiN 
(CF3S02)2 and LiN (C2F5S02)2* and LiC(CF3S02)3 grade can be mentioned. What is necessary is 
to choose at least one or more sorts of lithium salt from these* and just to use. 
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EXAMPL E =__==_ 

[Example] Although this invention is further explained to a detail based on an example, this 
mvention is not limited to these examples. 

Toluene 1 5mL [ which dehydrated one or more evenings by molecular-sieve 3 A in the four synthetic 
example 1 Composition 1 of polysiloxane bridge formation objects 100mL(s) mouth flask ], and 
triethylene-glycol allyl-compound methyl-ether 0.803g, polyethylene-glycol diaryl ether 0.748g of 
average molecular weight 300 and 1,3, 5, 7, 9, 1 1 and 13, and 15-OKUTAKISU (dimethyl siloxy) 
PENTA cyclo [9. 5.1.13, 9.15, 15.17, and 13] OKUTA siloxane l.OOg. It put in and heating stirring 
was carried out at 80 degrees C under the N2 seal for 1 hour. Subsequently, 50 ppm of platinum 
divinyl tetramethyl disiloxane were supplied to Si-H, and heating stirring was continued as it was for 
3 hours. After checking that the peak of Si-H has disappeared by IR, the low-boiling part was 
removed at 120 degrees C under reduced pressure of 400Pa, and the polysiloxane bridge formation 
object of a brown transparent solid-state was acquired almost quantitatively. The acquired 
polysiloxane bridge formation object is set to PS 1 . 

[0014] After mixing uniformly 45.98x10 to 3 g LiCIO in THF to O.lg of PS1 obtained in the example 
1 of example 1 Measurement of creation [ of a solid electrolyte and the cell for measurement ], and 
ionic conductivity> composition so that [lithium ion]/[an oxyethylene unit] may become equivalent 
ratio 0.05, it heated at 1 00 degrees C under reduced pressure of 400Pa for 3 hours, THF was removed 
completely, and the solid electrolyte was created. This solid electrolyte was fabricated by the stainless 
steel electrode with a heat press at the style, and the cell for measurement was created after cooling 
using this. The impedance was measured for the created cell for measurement using the frequency 
response analyzer (SI[ by the solar TRON company ]- 1287) by the complex impedance measurement 
method (alternating current amplitude voltage IV, the frequency band of 1Hz - 2MHz of an 
alternating current, temperature of 30 degrees C), and ionic conductivity was computed. The result 
was shown in Table 1 . 

[0015] The polysiloxane bridge formation object was compounded completely like creation of the 
film for elastic-modulus measurement, and the example 1 of example 2 <measurement> composition, 
and some solutions were isolated preparatively after the reaction end on the petri dish made from the * 
poly ethylene fluoride with a diameter of 30mm. The low-boiling part was removed decompressing 
this gradually so that air bubbles may not enter. It dried at 130 degrees C under reduced pressure of 
400 morePa, and the film for measurement was created. The examination side with a thickness [ of 
2mm ] x diameter of 5mm was started from the created film, and the elastic modulus in a room 
temperature was measured according to the procedure of following ** - ** using the heat mechanical 
analysis equipment TMA100 made from SEIKO Electronic industry. ** Set the film created to 
TMA100, and where load 98mN is added, measure the initial length of a sample. ** Measure a TMA 
amplitude in the load amplitude of 98mN**19.6mN (frequency of 0.01Hz). **. Substitute end-of-the- 
probe area (5.3mm2), load amplitude (39.2mN), the initial length of a sample, and a TMA amplitude 
for the definition formula (definition formula 1) of an elastic modulus, and compute an elastic 
modulus. The obtained elastic modulus was shown in Table 2. 

(Elastic modulus) = {(load amplitude )/(end-of-the-probe area)} /{(TMA amplitude )/(the initial 
length of a sample)} (definition formula 1) 

[0016] Toluene 50mL [ which dehydrated one or more evenings by molecular-sieve 3 A ], and 
triethylene-glycol allyl-compound methyl-ether 16.92g, triethylene-glycol diaryl ether 4.14g, and 
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platinum divinyl tetramethyl disiloxane were put into the four example of comparison composition 1 
Composition of polysiloxane graft bridge formation object> 200mL(s) mouth flask so that it might 
be set to 50 ppm to Si-H in poly methyl hydronalium siloxane 5.00g of average molecular weight 
1700, and heating stirring was carried out at 80 degrees C under the N2 seal for 1 hour. Subsequently, 
the solution which diluted the aforementioned poly methyl hydronalium siloxane 5.00g with 
dehydration toluene lOmL was dropped. Heating stirring was then continued for 1 hour, after 
checking that the peak of Si-H has disappeared by IR, the low-boiling part was removed at 1 30 
degrees C under reduced pressure of 400Pa, and the polysiloxane graft bridge formation object of a 
brown transparent solid-state was acquired almost quantitatively. 

[0017] After mixing 0.01 15g LiC104 uniformly in THF to 0.2g of polysiloxane graft bridge 
formation objects of the example 1 <creation [ of a solid electrolyte and the cell for measurement ], 
and measurement of ionic conductivity> above of comparison so that [lithium ion]/[an oxyethylene 
unit] may become equivalent ratio 0.05, it heated at 100 degrees C under reduced pressure of 400Pa 
for 3 hours, THF was removed completely, and the solid electrolyte was created. This solid 
electrolyte was fabricated by the stainless steel electrode with a heat press at the style, and the cell for 
measurement was created after cooling using this. The impedance was measured for the created cell 
for measurement using the frequency response analyzer (SI[ by the solar TRON company ]- 1287) by 
the complex impedance measurement method (alternating current amplitude voltage IV, the 
frequency band of 1 Hz - 2MHz of an alternating current, temperature of 30 degrees C), and ionic 
conductivity was computed. The result was shown in Table 1 . 

[0018] The polysiloxane graft bridge formation object was compounded completely like creation of 

the film for elastic-modulus measurement, and the example 1 of example of comparison 2 

<measurement> comparison composition, and some solutions were isolated preparatively after the 

reaction end on the petri dish made from the poly ethylene fluoride with a diameter of 30mm. The 

low-boiling part was removed decompressing this gradually so that a foam may not enter. It dried at 

130 degrees C under reduced pressure of 400 morePa, and the film for measurement was created. The 

examination side with a thickness [ of 2mm ] x diameter of 5mm was started from the created film, 

and the elastic modulus in a room temperature was measured in the same procedure as an example 2 

using the heat mechanical analysis equipment TMA100 made from SEIKO Electronic industry. The 

obtained elastic modulus was shown in Table 2. 

[0019] 

[Table 1] 
<«1> 





£%0M 






1. 8X 10~ 5 


1. 8X10" 5 


[Table 2] 

<S2> 




mmmz 


ifc«0J2 




O. 53 


O. 20 



The result shown in above-mentioned Table 1 and 2 shows having the good mechanical strength, 
without the polysiloxane bridge formation object of an example lowering ionic conductivity 
compared with the polysiloxane bridge formation object of the example of comparison. 
[0020] 

[Translation done.] 
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